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(54) 2,4-Bis (4-amidino)phenyl f urans as anti-pneumocystis carinii agents 

(57) Compounds according to the formula: 




(i) 



wherein: and R 2 are each independently selected from the group consisting of H, loweralkyl. aryl. alkylaryl. ami- 
noalkyl. aminoaryl, halogen, oxyalkyl. oxyaryl, or oxyarylalkyl: R 3 and R4 are each independently selected from the 
group consisting of H, loweralkyl. oxyalkyl. alkylaryl, aryl, oxyaryl, aminoalkyl, aminoaryl, or halogen; and X and Y are 
located in the para or meta positions and are each selected from the group consisting of H, loweralkyl, oxyalkyl, and 
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wherein: each R 5 is independently selected from the group consisting of H, loweralkyl, alkoxyalkyl, hydroxyalkyl, ami- 
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noalkyl, alkylaminoalkyl, cycloalkyl, aryl, or alkylaryl or two R 5 groups together represent C 2 to C 10 alkyl, hydrpxyalkyi, 
or alkylene; and R 6 is H, hydroxy, loweralkyl, alkoxyalkyl, hydroxyalkyl, aminoalkyl, alkylamino. IkylaminoaJkyl, 
cycloalkyl, hydroxycycloalkyl, alko^cydoalkyl. aryl, or alkylaryl; or a pharmaceutical^ acceptable salt thereof, are dis- 
closed; The f b6rrpounds are useful for treating Pneumocystis carina in a subject in ne*ed of such treatment. . ' ' 
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Description */ .. . 

[0001 ] The present invention was, rpad^ with Government support ^unde^^r^rtt Nurpber ^1:33363 ,f com the National 
institutes of Health. The Government has certain rights to this invention. 

5 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of combatting Pneumocystis carina pneumonia with dicationic com- 
pounds. Specifically, the present invention relates to methods of combatting Pneumocystis carinii pneumonia with bis- 
io aryl furans and novel bis-aryi furans useful therefor. 

BACKGROUND OF THE INVENTION 

[0003] A number of aromatic diamidines have been shown to bind to the minor-groove of DNA, and to exhibit useful 

75 antimicrobial activity. Various hypotheses of the mode of antimicrobial action of the aryl amidines have been proposed, 
however evidence is growing that these compounds function by complex formation with DNA and subsequent selective 
inhibition of DNA dependent microbial enzymes. Intervention in transcription control has been demonstrated and 
seems to be a plausible mode of action for structurally diverse minor groove binders. (Das, BP.; Boykin, D.W., J. Med. 
Chem. 1977, 20, 531-536; Boykin, D.W. et al.. J. Med. Chem. 1995, 36, 912-916; Kumar, A. et al.. Eur. J. Med. Chem. 

20 1996, 31, 767-773; Lombardy, R.J. et al., J. Med. Chem. 1996, 31, 912-916; Tidwell, R.R. et al., Antimicrob. Agents 
Chemother. 1993, 37, 1713-1716; Tidwell, R.R.; Bell, C.A., Pentamidine and Related Compounds in Treatment of 
Pneumocystis carinii Infection, in Pneumocystis carinii, Ed Marcel Decker; New York, 1993, 561-583; Henderson, D.; 
Hurley, L.H., Nature Med. 1995. 1 . 525-527; Mote, J. Jr., et al., J. MoL Biol. 1994, 226, 725-737; Boykin, D.W., et al., J. 
Med. Chem. 1 998, 41 , 1 24- 1 29) . 

25 [0004] The antimicrobial and nucleic acid binding properties of amidino- and cyclic-amidino-2,5-diarylfurans have 
been demonstrated. See, e.g., U.S. Patent No. 5,602,172. The bis(phenylamidinium) compounds have established 
activity against Pneumocystis carinii pneumonia (PCP) in the immunosuppressed rat model. PCP affects a high pro- 
portion of patients with suppressed immunsystems such as people with AIDS, and it is a major cause of mortality in 
these individuals. X-ray crystallographic, molecular modeling and other biophysical studies have demonstrated that 

30 these compounds strongly bind to DNA by H-bonding between the furan group and the floor of the minor groove, and 
by non-bonded interactions to the walls of the AT-rich minor groove. 

SUMMARY OF THE INVENTION 

35 [0005] As a first aspect, the present invention provides a method of treating Pneumocystis carinii pneumonia. The 
method includes administering to a subject in need of such treatment, an amount effective to treat Pneumocystis carinii 
pneumonia of a compound having the formula: 



40 



45 




wherein: 

55 R 1 and R 2 are each independently H, loweralkyl, aryl, alkylaryl, aminoalkyl. aminoaryl, halogen, oxyalkyl, oxyaryl, 
or oxyarylalkyl; 

R 3 and R 4 are each independently H, loweralkyl, oxyalkyl. alkylaryl, aryl, oxyaryl, aminoalkyl, aminoaryl, or halo- 
gen; and 
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X and Y are located in the para or meta positions .and are each independently H, loweralkyl, oxyalkyl, and 
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wherein: ' ' V 

each R 5 is iixlepehdentl/H/loweralkyl, alkoxyalkyl, rVcJroxyalkyl, aminoalkyl,"altyfaminoalkyl, cycloalkyl, aryi, or. 

alkylaryl or two R 5 **grpups together represent C 2 'tp C 10 alkyi, hydrdxyalkyl! or alKylene; and 

is K hydroxy, lowerdlkyl, alkoxyalkyl, hydrbxyalkyl, aminpalkyl, ali^lgmjno ( .alkylami/ioalkyl. cycloalkyl, hydroxy- 
cycloafkyl, alkoxycydpaikyl, aryi, or alkylaryl; 

of a pharmaceutically acceptable salt thereof. .... . J , 

[0006] Compounds according to formula (I) above and the pharmaceutically acceptable salt5, thereo{ pharmaceutical 
formulations containing the same, and the use of compounds of formula (I) and the pharmaceutical^ acceptable salts, 
thereof for ; the preparation of^a medicament for treating Pneumocy^t is car/n/7 pneumoni^i are, also an aspect of the 
present invention. , " ^ . .. . " . .1^ , ' /. [ 

[0007] Theforegoing and bth^r objects'and aspects of the present invention are explained in detail jn the, specification, 
set forth beiow. 

DETAILED INSCRIPTION OF TIHfE INVENTION 

[0008] The term loweralky!,*' as used herein, refers to Ci - C 6 linear or branched^lkyl, such as methyl, ettjyl, propyl/ 
, ispprbpyl, butyl, sec-butyl, /so-butyl, tert^butyl, pentyl, isopentyl, and hexyl. Isbalkyl groups/such as isopropyl, isobutyl, 
isopentyl, and the like are currently preferred. The .term loweralkoxy" or "bxyalkyl" as used berein, refers to C-| - C6 lin- 
ear or branched alkoxy, such as methoxy, ,ethoxy, propyloxy, butyioxy,' isoprbpyfoxy, and.f^uiyloxy. Methoxy is currently 
preferred. ^ . . ' * , \ ^ 

[0009] As noted above, the methods of : the present invention are useful for treating Pneumocystklcaripii pneumonia. 
The methods of the present invention are useful for treating these cohditions f in that they inhibit tha^oriset, growth^ or 
spread of the condition, cause regression of the condition, cure the condition, otherwise improve the general well 
being of a subject inflicted with, or aUiskof contracting the condition. , 1 . J 

[001 0] Subjects to be treated by the methods of the present invention are typically human subje^altjibugh.the meth- 
ods of the present invention may be useful with, any suitable subject known to thqs'e/skilled in the art. As noted above, 
the present invention provides pharmacejjtic^l formulations comprising r the aforementioned compounds of Formula (I), 
or pharmaceutically acceptable salts jtriereof, in pharmaceutically acceptable carriers tor aerosol,, oral,, and parenteral 
administration as, discussed in ^greater detalf below Also, the- present invention provides such compour^ds^pr salts 
thereof which have been lyophilized and which may he reconstitutedJo form pharmaceutically acceptably formulations 
for administration, as by intravenous ( or intramuscular injection. . . r r , '. " ... ' 

[0011]. The therapeutically* effective, dosage of any specific compound, the use of which, is in. the scope of present 
invention, will vary somewhat from compound to compound, patient to patient, and will depend upon the condition of 
the patient and the route of delivery.^ As a general proposition, a dosage f ronVabout 0. 1 to about 50 mg/kg, will h^ve ther- 
apeutic efficacy, with still higher dosages potentially beingemployed for oral. and/or aerosol administration, toxicity con- 
cerns at the higher level may restrict intravenous dosages to a lower level, .such as up to about 10 mg/kg, all weights 
being calculated based upon the weight of the active base, including the cases where a salt is employed. Typically a. 
dosage from about o£_mg/kg to about 5 mg/kg will be employed for .intravenous or jptramuscular administration. A dos- 
age frorf) about 10, mg/kg to about .50 mg/kg may be employed for oral administration. The duration of the treatment.^ 
usually once per; day for a period of two to three weeks or until the condition is essentially controljed. Lower doses given 
less frequently can be used to prevent or reduce the incidence or recurrence of the infection. ,.' . r 
[0012] .'.In accordance with the present method, a compound of Formula (I), or a pharmaceutically acceptable salt 
thereof, may be administered orally or through inhalation as a solid, or may be administered intramuscularly or intrave-, 
nously .as a solution, suspension, or emulsion. Alternatively, the compound or salt may also be administered by inhala- 
tion, intravenously or intramuscularly as a liposomal suspension. When administered through inhalation the compound 
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or salt should be in the form of a'plurairty of stolid particles or droplets havirig li particle size from about 0.5 to abbiit 5 
microns, preferably from about 1 to about 2 microns. 

[001 3] Besides providing a method for treating Pneumocystis carinii pneumonia, the compounds of Formula (I) also 
provide a method for prophylaxis against Pneumocystis carinii pneumonia in an immunocompromised patient, such as 

5 one suffering from AIDS, who has had at least one episode of Pneumocystis carinii pneumonia, but who at the time of 
treatment is not exhibiting signs of pneumonia. As Pneumocystis carinii pneumonia is an especially potentially devas- 
tating disease for immunocompromised patients it is preferable to avoid the onset of Pneumocystis carinii pneumonia, 
as compared to treating the disease after it has become symptomatic. Accordingly, the present invention provides a 
method for the prophylaxis against Pneumocystis carinii pneumonia comprising administering to the patient a prophy- 

w lactically effective amount of a compound of Formula (I) or a pharmaceutical^ acceptable salt thereof. The forms for 
administration of the compound or salt in accordance with this method may be the same as utilized for the purpose of 
actually treating a patient suffering from Pneumocystis carinii pneumonia. : { 

[0014] An additional useful aspeqt of the present invention is, a m,ethod for prophylaxis against even an initial episode 
of Pneumocystis carinii pneumonia in ah immunoc^mpromisedpafieht who has never experienced an episode of Pneu- 

is mocystis carinii pneumonia. In this respect, a patient who has been cfiagnbsed as being imrnunocxirripromised, suclias 
one suffering from AIDS 6r ARC (AIDS related complex), even before trie onset of an inrtiaf episode of Pneumocystis 
carinii pneumonia, may avoid or delay suffering from the infection by having ^ministered a "prpphylactically effective 
amount of a compound of Formula (I) or a pharmaceutical^ acceptable Salt thereof." The'cohnpound or salt may be 
administered in the same fashion as in the treatment of patients suffering from Pneumocystis carinii pneumonia. r . , . , 

20 [001 5] The present invention Silsd provides new pharrrtace^ic^r^r^ositions $uitabl^ for intravenous or intrarnufecu : 
lar ' infection. The pharrnaceutical compositions comprise^ cOrripduhd of Formula (iyror s a pharmaceutical! y acceptable 
salt thereof, in any pharm& ! d:ieijfticaHy accfeptabfe cairrfer. If a Solution ii^desiired, water is the carrier 6f choice with respect 
to water : soluble compounds or salts. With respect to the water-insoluble compounds or salts, an organic vehicle, ^tich, 
as glycerol; propylene glycol, polyethylene glycol; or mixtures thereof, ma^ be suitable. In the latter instance, trie organic 

25 vehicle may contain a substantial amount of water. The solution in either instance may then be sterilized in ahy suitable 
manner, preferably by filtration through a 0.22 micron filter. Subsequent to ^eriljzatjcjn, the solution may pe filled into 
appropriate receptacles, such as depyrogenated glass vials. Of course, the f iriirrg Should be done by an aseptic ntethod. 
Sterilized closures may then be placed on the vials and. if desired, the vial pontppte may be lyophiliz.ed. ^ ^ . 
[0016] In addition tb compounds of ForrWula (i) or xtteir salts, the pharrrtaceuti^al compositions may contain other addi : ' 

30 tives; such as pH adjusting additives. In particular, useful pH adjosting agents include acids, such as hydrochloriS adid! 
baS&s'or buffers, such as sodium lactate ^ium kcetete, sbdium phBs^hate, senium citrate, fcodium borate. o*r s&hirYi. 
gluconate. Further, the compositions may contain microbial 1 preservatives. Useful microbial preservatives include meth-~ 
ylparaben, propylparaben, and benzyl alcohol. The microbial preservative is typically employed when the formulation te 
placed in a vial designed for multidc^e 1 u&e. Of course, a^fridicated, Irfie pharmaceutic^ the present 

35 invention may be lyophilized using techniques weirknpwri TntrWart. 1 w " 3 1 t / . ^ ' r 

[001 7] In yet another aspect of the'preserti irivWntion[ there ^provided an injectable^, ^tabie.^teriie composrt com- 
prising a compound of Formula (I), or a salt thereof, in a uftit dosage firm irta sesidS cbntaiherl; The fcompoqnd 6r sait 
is providedih the forniof a lyophilizate which is capable of beirl§ reconstituted with a suitable ph^nrikpeutrciHy accept- 
able carrier to form a liquid compositibh suitable for injection thereofirfto man. the unft dosage fo r rm typically comF^ises 

40 from about 10 mg to about 1 0 grams of the compound or salt. When the bSnp6umJ T or satt e is^ubstanf ially wateMHsol- f 
ubie, afsufficient amount of emulsifying agent which is physiologically acc^table 3 rnay be erhplbyetf in sufficient quantity 
to emulsify thexompound or sait in an aqueous carrier^One sCicli useful emuisifyjng agent is phosphatidyl chdfini. 
[0018] Other pharmaceutical compbsitions may be prepared from the "cbmpounds'bf Fdrmuia(ij, or safe thereof such 
as aqueous base emulsions. In such an instance, the composition wifT contain a sufficient ambunt ol pl^rrtiaQ$uticaBV 

45 acceptable emulsifying agent to emulsif^th'e desired amount of the Compound of Formula (I) of s^t thereof' Particularly 
useful emulsifying agents inciude phosphatidyl cholines, and lecithin. ■ . 

[0019] 'Further, the present invention" provides liposomal formtil&tibns of the dbmpounas df Formula (I) and salts 
thereof. The technofdgy for forming' liposprbal suspensrbhs \$ well l<ribwr? in the artVWhen the^compound of Formula (I) 
or salt thereof is an aqueous-soluble salt, using conventional liposome technology, the s4me may be incorporated into 

so lipid vesicles. In such an instance,' due to the' water sdlubjlit^ of the compound or salt, the corfipbund or salt will be sub- 
stantially entrained within the hydrbpriilic center or core of the lipdfeome&.' the lipid layer empjoyed may be of ah;y con- 
ventional 1 composition and may either cbhtafn cholesterol or may be cholesterol-free. VVhen the cbmpound or salt of 
interest is water^irisoluble, again employing conventional liposome formation technology; the salt may be substantially 
entrained within the hydrophobic lipid bilaVer^hich forYns the ^structure" 1 of the liposome. In either instance, the lipo- 

55 somes which are produced may be ieduced in size, as through the use of standard %;onicatl6n and horhogenization 
techniques. ;! * 5 ' ' Vi : * * f "'^ °1 T..^' .^^ ' f . : ' , 

[0020] Of course, the liposomaffOTmufations containing the compounds of Fdrrrtula (I) or salts thereof, may be lyophi- 
lized to produce a l^bphilizate which may be reconstituted with a pharmaceutical^ acceptable carrier, such as water, to 
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regenerate a liposomal suspension. , _ . , - , , 

[0021] Pharmaceutical formulations are also provided which are suitable for adryiinfetr^ion as an.aerqsoi, by inhala- 
tion. These formulations comprise a solution or suspension of the^ciesired compound' of l^prmula.(l) or a saltthereof or 
a plurality of solid particles of the compound or salt. The desired formulation may be placecfin a. smair chamber -and 
nebulized. Nebuiization may be accomplished by compressed, air or by ultrasonic energy to form a plurality "of liquid 
droplets or solid particles comprising the compounds or salts. The liquid droplets cir solid particles should have a parti- 
cle size in the range of about 0.5 to about 5 microns. The solid particles can be Qbtaif»0d by>rocessing the solid com- 
pound of Formula (I), or a salt thereof, in any appropriate manner &x>wn in the art, such as by micronization. Most 
preferably, the size of the solid particles or droplets will be from about 1 to about 2 microns.' In this respect, commercial 
nebulizers are available to achieve this purpose. .. 

[0022] Preferably, when the pharmiaceutical formulation suitable for administration as.an aerosol is in the form of a 
liquid, the formulation will corriprise a water-soluble corrpoundjbf Formula (I) or a salt thereof in a carrier which com-, 
prises water. A surfactant may be present which lowers the surface tension of the formulation sufficiently to result in thV 
forrriation of droplets within the desired size range when subjected to nebulizatioh. , 
[0023] As indicated, the present invention provides both water-soluble and water-insoluble compounds andsalts. As 
useci in the present specification, the term "water-soluble" is meant to define any composition, which is soluble in water, 
in an amount of about 50 rrjg/ml, or greater. Also, as u$ed in the present specification, the term "water-insoluble" is 
meant Jo define any composition which has solubility in water of less than about, 20 rhg/ml. For certain applications, 
water spjuble compounds of salts may be desirable whereas for other applications water-insoluble compounds or salts , 
likewise 'may be desirable. " ( " ' 

[0024] Preferred dompounds useful' for the treatment of Pneumocystis carinji pneumonia. .The impounds have the 
structural Formula (I), described above. In particular, compounds useful for the treatment of Pneumocystis carinii pneu- 
monia include compounds defined wherein X and Y are located in the para position and are each: 



X,Y= 

R6 



wherein: 

(a) R 1 is H, R 2 is H or loweralkyl, Ft 3 is H, R 4 is H, R 5 is H, and is isoalkyl, such as isopropyl, isobutyl, isopentyt, 
and the like; 

(b) R 1 is H, R 2 is H, R 3 is H, R 4 is H, R 5 is H, and R 6 is C 3 -C 8 alkoxyalkyl; 

(c) Rt is H, R 2 is H or loweralkyl, R 3 is H, R 4 is H, R 5 is H, and R 6 is alkylhydroxy, such as ethylhydroxy, propylhy- 
droxy, butylhydroxy, pentylhydroxy, and hexylhydroxy; 

(d) R-j is H, R 2 is H or loweralkyl, R 3 is H, R 4 is H, R 5 is H, and R 6 is propoxyethyl; 

(e) R 1 is H, F^ is H or loweralkyl, R 3 is H, R 4 is H, R 5 is H, and R 6 is propoxy isopropyl; 

(f) R*, is H, R 2 is H or loweralkyl. R 3 is H, R 4 is H, R 5 is H, and R 6 is aryl or alkylaryl; and 
(9) R 1 is H, R 2 is H or loweralkyl, R 3 is H, R 4 is H, R 5 is H, and R 6 is alkylcycloalkyl; 
and pharmaceutical^ acceptable salts thereof. 

[0025] Examples of compounds exemplary of Formula (I) above include, but are not limited to: 

2 f 4-bis(4-guanylphenyl) furan, 
2,4-bis(4-guanylphenyl)-3,5-dimethyl furan, 
2,4-di-p[2(3,4,5,6-tetrahydropyrimidyl)phenyl] furan, 
2,4-bis[4-(2-imidazolinyl)phenyl] furan, 

2,4-bis[4-(4,5,6.7-tetrahydro-1 H-1 ,3-diazepin-2-yl)phenyl] furan, 
2.4-bis(4-N,N-dimethylcarboxhydrazidephenyl) furan, 
2,4-bis[4-(N-isopropylamidino)phenyl] furan, 
2,4-bis{4-[3-(dimethyiaminopropyl)amidino]phenyl} furan, 
2,4-bis-{4-[N-(3-aminopropyl)amidino]phenyl} furan, 
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2,4^is[2-(imidzaolinyl)phenyl]-3 t 5-bis(methoxymethyI) furan, 
2,4-bis[4-N-(diirietty 

2-445is44-[(N-2-h^ : ^ 

2,4 c *is-[4-N-(cycI5p ^ropvigu&ny1)|DfienyI] furan, ^' \ 
2 t 4-bfe-[4-(N>Wietti^ furan, * c: 

2,4-bis-{4-[r^3-p^ furan, 
2,445is[4-(N-isbpropy^ fufon, 
and the pharmaceuti&lly Acceptable salts theredf. ' 



TO 



15 



20 



[0026] The synthesis employed for the 2,4-substituted dicationic furans 3,5,7 used 2 ( 4 : bis0k;yahophenyl)Xuran as the 
key intermediate and isroutliried irt sfeheme 1. This key compound wa^ approach. A base 

catalyzed Aldol condensation between 4-cyanobenzafeehyde 1 and 4-acetylbenzpnrtrilW;in rhethanol gave 1 ,3-bisj:4- 
cyanophenyl)prop-2-en-l^ne/ f Brdhhfnation of ^e dbuble bond of^^chalcone (i) in CHCI 3 gelded 1 t 3-bis(4-cyanophe: 
nyl)-2,3<Jibromopropan-1-one (ii), which' was reacted fwfth 2.5 ^quival^nt of MeONa in MeOH to form 1 ,3 ( -bis(4-cyanqr r 
phenyl)-3-methoxyprop-2-en-1-one (Hi) ( Wdygarkj; C.; Bau#, E.; flennig, H., Uebe^ Beziehungen zwisqhen 
P*oIymorphismus und Ethylen-Stereomeri^ k 1 929, 62, 562-573). The ration of dimethylsuffonium metfiyUcJe with the 
enolether (Hi) gave 2,4-disubstituted furan (iv) (Harris, CM. efal., J. Org^cherv* 1974, 39* 72-77). 
[0027] For the' conversion of the 2,4^is(4^cyanophehxl)furan (iv) into the amido 'group a straight forward. manner, 
employing the classicarPinner-typ6 method was applied. A suspension of the dinttrife (iv) was stirred in dry EtOH sat- 
urated with HCI gas for 3 d to give the imidateeser hydrochloride (v) t which was allowed to react with the appropriate ' 
diamine to form : ^, J 4-bis(4-amidinophenyl)furan. * • .l : ' * I . ■ "' ' 



25 
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[0028] An alternative synthesis is set forth in Scheme 2 for the synthesis of the key intermediate (iv). Step (cj.therein 
represents the cleavage of a non-enolizable ketone group by a Haller-Bauer type reaction. Step (c^may be carried out 



8 ; 

BNSDOCID:<EP 0941991A1_I_> 



EP 0 941 991 AV : 

in a polar or nonpolar aprotic solvent {e.g., dimethylsuKoxide, tetrahydrofuran, dioxane. n-methylpyrrolidone, benzene, 
in the presence of a strong base (e.g., potassium fe/t-butoxide, potassium ethoxide, sodium isopropoxide) to form 2,4- 
bis(4*bromophenyl)furan. Time and temperature are not critical, with room temperature conditions at atmospheric pres- 
sure for a time of up to about one hour being typical. Group X is shown in the para position, which is preferred, but may 
5 also be in the meta position. The ?,4-bis(4-bromophenyl)furan is converted to 2,4-bis(4-cyanophenyl)furan (iv) by 
standard procedures (see, e.g.] US/Patent No. 5,602J72y. - ^ . . ■ \ ' ' . 



Scheme 2. 




40 



[0029] As indicated, the compounds used in the present invention may be present as pharmaceutical^ acceptable 
45 salts. Such salts include the gluconate, lactate, acetate, tartarate, citrate, phosphate, borate, nitrate, sulfate, and hydro- 
chloride salts. 

[0030] The salts of the present invention may be prepared, in general, by reacting two equivalents of the base com- 
pound with the desired acid, in solution. After the reaction is complete, the salts are crystallized from solution by the 
addition of an appropriate amount of solvent in wfiich the salt is insoluble. 

so [0031 ] The cdfnpounds of the present invention are useful not only in methods for treating Pneumocystis carinii pneu- 
monia, but also in methods of inhibiting enzymes such as topoisomerase. The compounds of Formula (I) are particu- 
larly useful for inhibiting topoisomerase II. See, S. Doucc-Racy, et al., Proc. Natl. Acad. Sci. USA 83:7152 (1986). 
[0032] In the following examples, all organic extracts were dried over Na 2 S0 4 . All products were dried over CaS0 4 
under reduced pressure. Melting points were determined in open capillary tubes with a Thomas Hoover and with Mel- 

55 temp 3.0 capillary melting point apparatus and are uncorrected. IR spectra were recorded on a Perkin Elmer 2000 FT- 
IR spectrometer, 1 H and 13 C nuclear magnetic resonance spectra were recorded on a Varian Unity+300 and a Varian 
VRX 400 instrument. All spectra were in accord with the structures assigned. Elemental analyses were performed on a 
Perkin Elmer 2400 Series II C, H, N organic elemental analyzer or by Atlantic Microlab, fslbrcross, GA and are within 0.5 
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of the theoretical values. All chemical anct solvents vyere purchased frprq Aldrich Chemjcal Co, or. Fisher Scientific. As 
used herein, "MeONa" means sodium methbxideV "EtgO^meahs' diethyl ether, "THF" means tetrahydrbfuran, *Diyf$O w 
means dimethylsulfoxide, "MeOIT means methanol, n EtOH" means ethanol, n mp" means melting point, and tempera- 
tures are given in degrees centigrade unless otherwise indicated. i 

EXAMPLE 1 , , . - 

{ . £ "U.:i^'7- '1^1 :1V " '' 

1 .3-Bis(4-cvanophenvl)-prop-2-en-1-one (H . . . 



[0033] id.OOjj (76.3 mrriol) 4 : cyanpbenzaldehyde and 1 1-97^(76.3 mmoO^^elylbenzonitrile were dissolved in 150" 
mtl dry MeOH (distilled trom Mg metal), and heated to ref lux,"Concentrat^J NaOH vras adcl^d dfppwise untji precipita- 
tion occurred, and refluxing was continued for another^ min. The su^nsiQn was coolqd fo rpdm ierrperature, and'the 
brigfit yellow solicTwas filtered, washed with B2O, and dried.' Yield: 12,89'g (65*&); rrp .1 1 3-1 1,5°C, bright yeUqw crys- 
talline solid. " " j ^ 
75 [0034] IR (KBr) 2923, 2857, 2228. 1670, 1604, 1466, 1339, 1218, 1036, 992, 816 cm 1 . 1 H-NMR (DMSO-d 6 ) 6 8.30 
(d. 2H, J=8.1 Hz), 8.10 (d, 2H, J=8.7, Hz), 8.09 (d, 1H, J-15.3 Hz), 8.06 (d, 2H, 7.5 Hz), 7.80 (d, 1H, J=15.6 Hz). 13 p- 
NMR(DMSOd 6 )S 188.40, 142.77, 140.35, 138.84. 132.71, 132.57, 129.46. 129.09, 124.90, 118.39, 1 18. 00; 1 15.1*9, 
1 12.51 .Anal. C 17 H 10 N 2 O (C,H,N). : r 

20 EXAMPLE 2 _ 

1 .3 : Bisf4^yanopheiiylV2^3-.dibromopro^ (ih - \ V : - ;r 

[0035] 1 2.89g (49.9 mmpl) of the chalcon^ i was added to a splutipri of 2.6^mL Br 2 (50.15 mmol) in 1 50 mL CHCI 3abs . ' 
25 The suspension was stirred at room temperature for 3 h. The §o!yent was evaporated under reduced pressure, and the 

solid was filtered, washed with Ei 2 O t and dried. Yield: 19.73 g (95^); mp 18j[- 189. white crystalline solid. 

[003JB] IR (KBr) 2969. 2923. 2^6. 2228.1691. 1&4! 1466, 1406, 126JL; 121.8.' 981. 863. 773. 545 crri't 1 -HNMR 

(CDCI3) 8 8.18 (d, 2H. J-8.4 Hz). 7.87 (d, 2H. J=S.8 Hz), 7.75 (d. 2H. J=&4 Hz); 7.64 (d. 2H, J=8.0 Hz), 6:70 (d. I H, . 

J=11.2 Hz), 5.62 (d, 1H, J-11.2 Hz), 13 C-NMR (CDCI 3 ) £'189.50. 142.94, 137.40, 133.06. 132.94, 129.47, 129.40, 
30 118.19, 117.85, 117.70, 113.60, 47.55, 46.19. Anal. C^H^NsOB^ (C,H,N). v , . 

EXAMPLE 3 , c . , 

1 .3- Bisf4-cyanophenvt)-3-methoxvprop-2-en-1-one fiin 

35 * -\ - _ >: y/ . - ' ' ' . .,y 

[0037] r : A suspension of 15 g (35;9 rrm 1$b mLdry MeOH (distilled from Ivlg m^tai) was 

heated to ref |ux. Freshly prepared 3N f^eONai (2.49 g~ N£ in 36 mL IvTeQH) was addied dropwise, and stirring was con- 
tinued tor 30 rriin. The clear orange solution was cooled to room tgrr^eratur'e, grid poured into 100 mL water. The? aque- 
ous suspension was extracted with CHf 2 CI 2 and the solvent was removed .under^reduqed pressure. The oily orange , 
40 residue crystallized ir^part, and was used for trte next, reaction without further purification, , . 

[0038] 1 H-NMR (CDCI3) 6 7.96 (d^H, J=§ 8 Hz), 7-75 (d! ±H r J=fe.4 Hz). 7,68 (d, 2H, J=8.4 Hz),, 7.55 (d,, 2H, j=8.4 
Hz), 6.28 (S,'1H), 3.99 s, 3H). 13 C-NMR (CDCI3) 6*187.85. 171:27, 142.75, ,139.64, 132.61, 131.98, 129.83,:i 28.63. - 
118.17,118.17,116:06,114.06,98.40,57.26. " ~" ' 

45 EXAMPLE 4 

2.4- Bis(4-cvanophenyl)furan (M 

[0039] ' A suspension of 1.03 g (42.9 rnmbl) NaH in_15 mLdry DM SO (distilled frprti CaH 2 ) was stirred at room 'tern- 
so perature for 30 min. 30 mL of dry JHF (distill ed^frorn Na / benzbprienpne),were added, and the suspension was cooled 
in a salt/ice bath fo 0°C. 8.78 g.(43.0 mmbl) trimethylsulfonium iodide, dissolved in 15 mLdry DMSO, were added drop- v 
wise. The suspension, was stirredjor another 5 min before a solution of the crude enplether iii, dissolved in 25 mL dry 
THF, was added. The dark suspension was" stirred at ice, bath temperature jqr another 15 m|a then ice bath was 
removed, and stirring was continued for '18h. The mixture was poured into "water, and extracted with CHCI3. The solvent 
55 was evaporated, and the oily residue was passed through a silica gel column. Chromatography of the, residue with 
CHCI 3 -hexane (20+1, 5+1) gave and. off-white crystalline solid. Yield: 1.89 g (20% over two steps), mp 229-231 °C.- \ 
[0040] IR (KBr) 2957, 2923, 2854; 2222, 16097 1464, 13781 1154. 914, 819 cm' 1 . 1 H-Nfc/iR (CDCI 3 ) 5 7^91 (s, 1H), 
7.81 (d. 2H, J=8.8 Hz), 7.72 (d, 2H, J=8.8 Hz), 7.71 (d, 2H, J=8.8 Hz), 7.63 (d, 2H, J=8.8 Hz)] 7.12 (s, 1H). 13 C-NMR 
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(CDCyi^SS.aS, "1*40:78^315:83^134714, 1^3.64,,. 132!&5, 127:7§; 12i5j^^24!47 ( 118.86, 1lY.49, 111.31,106:5^ 
Anal- PisH^KfeO (^H;N|:, ; ? ^ . . 7 ' ; 7' : v-. ^;.,n7i;^ , 7V.7' 

EXAMPLES 

2.4-Bisf4-ethoxviminovlDhenyl)furan Dihydrochloride fv) 

[0041 ] 0.5 g (1 .8 mmoi) of the dinitrile iv was suspended in 20 mL of dry ethanol (distilled from Mg metal), and the 
solution, was saturated with HCI gas at ice bath temperature. Stirring was continued at room temperature, for another 3 
10 d. The irtiidate ester %6x6ch\ox\6e was ^ precipitated wittr.20 mL dry Et 2 6 (distill^from Na /,tenzpphenone) v filtered V; 
and dri^ mder vacuum at room , ^ ... v '. /7,-7, ~" , 

[0b42] IR (KBr) 2b65, 2935,' 2867, 1886. 1608;. j465, J 1377, 1 153, 1Q20, 932, 751 cm^^K^NMR (Dlv1SO;d 6 )j5 K66 f . 
(s. 1 H), 8.23 (d, 2H, J=8.4 Hz). 8.21 (d, 2H, j=8.'4 Hz)' 8.02 (d, 2H7 J=8.4 Hz). 7.98 (d, 2H, J=S:4 Hz), 7.96 (sV 1 H)^ 6. 1 7 
(q t 4y),1.52(t,6H). r " .,c , . T - % y. 

example 6 .. c 7 ; rv 1 r^v:'" : V' -v '/ ^ J-7 7 ( ^" 

2.4-Bisr4-fN-fl-propvlamidinolphenvlVlfuran (2) " 

20 [0043] A mixture of 1.47 g (3.4 mmol) imidate ester hydrochloride v and 0.75 mL (8.8 mmol) freshly distilted pro- 
pylamine (distilled from KOH) in 20 mLdry EtOH (distilled from Mg metal) was stirred at room temperature for 3d. TJie 
solvent was removed under reduced pressure, and the residue was suspended in 1N f^aOH: After stirring for 30 rrrin 
the white solid was filtered, washed with water, and dried in vacuo. The white solid was suspended in 30 mL dry EtOH, 
and the solution was saturated^ with HCrgas at ice^bath temperature. Stirring was cbminued for 2 K and the yeljpw feolid. 

25 was precipitated with dry Et 2 d, filtered; and dried!' Yi^ld; d 73 g.(47%), mp > 305°C decomposition. 

[0044] 1 H-NMR(DMSO-d 6 ) 5 8.31 (s..'1H).^80r/.67 (tf(. BH)7,7.54 (s..l'M). 3.81 r (rn; 2H). 1.14(d, 12 H;j=4.8 Hz); T 
13 C-NMR (QMSO^e) 6 153.61. 139.63, 13^58. 136: 14,:i 32.41, 130.55, 127.36. t 126.94, 126.82, 124.81, 122/84, 
104.95.43.44,22.84.^1.0^ j '7 \ 7 - . ( ' t -7, 7* 

30 EXAMPLE 7 r 

2.4-Bisr4-fN-fcvc1opentylamidino^Dhenvmfuran (4) 

[0045] A mixture of 0.53 g (1.2 mmol) imidate ester hydrochloride v and 0:27 mL (2.7 mmol)ireshly distilled 
35 cyclopentylamirie (distilled from KOH) in 20 mL dry EtOH (distilled from Mg metal) was,stirred at room temperature for , 
24 h. 20 mL 1 N HkOH were added/and stirring w&s continued for 30min. The sojipl was filtered, washed with H 2 0,and 
dried under reduced pressure. The free amidinS base was suspended in 20 mL dry EtOH, ind the solution was satu- 
rated with HCI gas at ice bath temperature. After stirring for 5 h the yellow solid wasprecip^ed wijh dry £t 2 0 (distilled 

from Na/benzophehone). filtered, s'nd^ried. Yield: 0.4^ \ J V, 

40 [0046] 1 H-NMR (DMSO-d 6 ) 6 8.25 (si' TKlJ, 7.87 (6, 2H, J=8:0 Hz): 1.71(6: 2H, J=8.0 Hz)? 7.67 (t, 4H), 7 52 (S*TH).' 
4.00 (m,' 2H), 2.00 (m.^H). 13 C-NMR (DMSO-d 6 ) 6 163.62,154.38, 142. 63,, 137: 45 ? 13^.t7,7t29.90, 129.84, 128.74, 
128:43, 128.29, 127.13, 125.13. 107.70, 55.67, 3"2.46, 24 ^.61 . Anal/ d 28 H 34 H4p:2HCI.5/4H£0 (C;H,N). 

EXAMPLE 8 

45 

2.4-Bisf4.5-dihydro-1 H-imidazol-2-vn phenvllfu ran Dihydrochloride (5) 

[0047] 0.14 mL (2.1 mmol) dried and freshly distilled. 1 ,2-diaminoethane (distilled.frpm KOH) was added to a suspen- 
sion of 0.41 g (0.9 mmol) imidate 4ster hydrochloride 5 in 20 mL dry EtOH (distilled from Mg metal), and the solution 

so was refluxed for smother 16 h. The Solvent wa^ rfemoved Under reduced pressure, and the residue was suspended in 
20 mL 1 N KOH, and stirred for SO^min. The solid was filtered, washed with H 2 0, and dried in vacuo. The free imidazo- 
line base was suspended in 20 mL dry EtOH, and the solution was saturated with HCI gas at ice bath temperature. After 
stirring for 2 h in the imidazoline salt was precipitated with dry Et 2 6 (distilled from Na / benzophenone), filtered, and 
dried. Yield: .022 g (49%) mp > 300°C. : " ; - 

55 [0M8r" v1 H-NMR (DMSO-de) 5 8.21 (s, 1H). 7.90-7.78 (m, 8H), 7.48 (s, 1H), 3.96* (t, 8H). 13 C-NMR (DMSO<i 6 ) 8 
167.05, 166.SI3, 154.74, 143.67, 139.13, 136,65. 130.47, 128,68., 127.86,1 25.85, 122.31, 122.05, 108.60, 45.97. Anal. 
C 22 H20N 4 O.2H 2 O(C,H,N). . , ' . . '„ " 
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TABLE 1 
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ELEMENTAL ANALYSIS DATA - ~ 


Compound # 




- "Calculated Values ' " 


'-'-Found Values' 






%C 


%H 


%N 


%C 


%H 






C 17 H 10 N 2 O 


79.06 


3.90 


10.85 


78.89 


3.83 


10.96 


ii 


C 17 H 10 N 2 OBr 2 


48.84 


2.41 


6.7d 


48.55 


iV 2.22 




^ . iv 


■ : C l18 H T N 2 0 ' 


79.99 


.10,36 


. 3-73 : 


-79.90 


10.3* 


•,3.74 


5 


- e^4H28N 4 b.2HCI 


59.56 


-6.77 


11.58 


59.20 


6.37 


11.42 * 




1.5H 2 0 












2 


P28H34N4O.2HCI 5/4H20 


64.18 


* 7:02 


10.69 


63.80 - 


6.51 


10.47 


4 


C 22 H 2 oON 4 0.2HCI 2H 2 0 


56.78 


5.63 


12.04 


56.85 


5.47 


11.77 



20 EXAMPLE 9 

Biological Activity . * . ^ 

[0049] Table 2 contains thermal melting results from evaluation of the interaction of compounds 3. 5 and 7. with the 
25 DNA duplex polymer poly(dA-dT). In order to rank the relative binding affinities for interactions with DNA, the duplex oil- , 
gomer d(CGCGAATTCGCG) 2 (A 2 T^ was ; employed. The melting temperature range for this oligomer allows measure- 
ment of ATni values for these compounds, even though they exhibit strong binding affinities, The increase in melting- 
temperature on complex formation with the furan dications are related to the binding affinities of these molecules with 
nucleic acid'. This enhanced DNA affinity of the N-alkyj substituted amidines is though to the in large part due to addi- 
30 tiohal non-bonded interactions between the alkyl groups and the walls of the minor groove. , ' c 

[0050] - Table 2 also ,shows the results from' the in vivo evaluation of the furan olications on intravenous administration 
against R carinii in the immunosuppressed rat model. Data obtained with pentamidine, a compound currently used din- * 
ically for treatment of PCP, are included for comparison. All of the reported are more active than pentamidine, with no 
overt toxicity at the screening dose, in the immunosuppressed rat model for Pneumocystis carinii pneumonia - ,a * 

35 



Table 2 



Nucleic acid binding results and in vivo activity of 2,4-dicationic furans against Pneumocystis carinii. 


Compound # 


-ATm* (DNA) ~' 


ATM b (oligomer) 


Dosage 0 (umol/kg/d) 


Cysts/g lung 6 (% of con- 
trol) 


Toxicity 0 


saline 








100.0 




pentamidine 






22.0 : ■"■ 


1.46 - 


++ 


1., 


19.0 .V 


9.1 


io:o~ 


0.44 


0 ; . . 


2 


17.6 


10.9 


10.0 **.- 


- 0.03 3 


0 








50 


0.0003 


I 0 








1.0 


0.84 


0 








0.25 


38.20 


0 ~- 


, ,3 


20.4 


9.3 








4 


" 20.4 • 


' 13.6 


10.0 • 


0.06 


0 








1.0 


3.21, 




5 


16.8 


7:2* 









a) Increase in thermal melting of polyA_polyT, see Boykin, D.W., et ah, d Med. Chew. 1998, 41, 124-129. 

b) Increase in thermal melting of the oligomer d(GCGCAATTGCGC)2, see Boykin, supra. 

c) Evluation of iv dosage of the furon dicatons against R carinii in rats as descbed in Boykin, supra. 
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EXAMPLES 10-13 

AltematfrSynthcsis Scheme ; : y y y^ \^ 

£ [0051 ] 'the foilo^ingexamples illustrate .an alternate synthetic route to" compounds of the present invention. 

exampLeio ,j, L. li . - - 



2-4.6>Trisr^bromoDhenvliDyrv»8um t etraflaoroborate A< \ 

10 ' * i i ■ ! 

[0052] 4.65 g (25.1 mmol) 4-bromobenzaldehyde' and lO^g (50.2 mmol) -4* bromoacetophenone were mixed thor- 
oughly and dissolved in 5 mL anhydrous benzene. Under nitrogen atmosphere 7,13 mL (59.0 mmol) BF 3 .Et 2 0;were 
added and'the clear yellow solution was heated to reflux for 2 h. After cooling to room temperature 5 mL acetone were 
added and the mixture was 1 poured on 300 mL Et 2 0. The bright yellow precipitation was filtered and dried over CaS0 4 

75 in vacuo, Without further ictentificatiin or purification the solid product was used for the next reaction step. Yield: 4.82 
g (30%) • , , ! - - ; ;~ 



35 



EXAMPLE 11 

20 2-f4-BromobenzovlV3.5-bisf4-brom oDhenvhfuran 

[0053] 4.82 g (7.6 mmol) of 2,4,6-tris(4-bromophenyl)pyryIlium tetrafiuoroborate were suspended in 40 mL acetone 
and 4.9 mL 2.5 M Na 2 C0 3 solution was added. The suspension was stirred at room temperature for 2 h. 3.09 g (12,2 
mmol) iodine were added and stirring was^contii^ed'for 16 h. The dark brown mixture was pored into a solution of 9.62, ; 
25 g (60.8 mrnot) Nag^Os in 200 ; itiL ^O. The aqueous phase was extracted with CHCI 3 and the organic phase was ; 
washed with wkter, dried„ oveP NA 2 S© 4 and rdduced under vacuum;The light yellow product was recrystallized fronV 
MeOH/Etp. Yield: 3.01 ^ (70%) mp 186-1 8S°C. ' ' . . . 

[0054] IR (KB?) 2956. 2923. 2854/ 1637. 1&8, 1583, 1526. 1483. 1471. 1413; 1397, 1374. 1308, 1288. 1216. 1179,^ 
1074 1010 998 934-895, 816/807/750. 708. 649 cnV 1 ! 1 H-NMF*(fcbCI 3 ) 8 7.84 (d. 2H, J-8.4 Hz). 7.63 (d. 6H, J=?.2- 
30 Hz) 7 55 (d. 2H,'j=9.2 Hz). 7.53 (B; 2H, J=9!2 Hz)/ 6.97 (s. : 1HJ. 13 C^NMR(CDCi 3 ) 6 182.1- 155.4. 146.1, 137.0, T36.8,/: 
132.6. 131.8, 131.7; -feT.^. 131:0, 130 ; 9/ 128.1, 127.8, i26.6/l24.0. 123.3, 110.2. Anal. Calcdfor C23H 13 0 2 Br3: C, 
49.2; H, 2.3. Found:'c/4^:5; H, 2.3. Jf c,< ' . * i: ^ . /, : v -,\ ■/ 

EXAMPLE 1 2 T r:i - rt ~ ' r ' ' " v " ' 



2.4-Bis(4-bromoDhenvl)furan 



[0055] \ 0.27 mL of water washed to a solution of 5:70 g (50.8 nfmol)' Bu 1 OK in 50 mL 1 anhydrous DMSO. 2.85 g ; 
(5.1 mmol) 2-(4:bromobeozoyD-^ and stirring was^ontihued'for 7 1 h. The dark 

40 mixture was slpwly poured into 3(?0 mL ice water and the aqueous phase was extracted! with CHCI 3 . The, organic phase 
was-washed with water, driedover Na^SO* filtered and reduced under vacuunvThe crude product-was purified by col- 
umn chromatography on silira gel. Yield: fl .27 g (66%); mp 1 54-1 56°C. : , _ j „ " " 
[0056]"" TR (KBr) 2956/2927/2855, 1464, 1413/1378, 1 105, 10797913, 831, 802, 764, 621 cm* 1 . 1 H-NMP (CDCL 3 ), 
6 7 72 (s r 4H) J 55 (d. 2H,-J=8.8Hz) i T.S1-{d, 2H ( J-8.8 Hz), 7.50 (d, 2H. J-8.4 Hz), 7.36^(d ; 2H, J=8.4 Hz), 6.89 (s. 

45 1H). 13 C-NMR (CDCI3) 8 T54/I. 138.3, 132.0, 131.9; 131.1. 129.4, 127.6, 125.4, 121.6, 121.0, 104.3. AnaLCalcd for 
C 16 H 10 QBr4TGr5b.8; H/2/7. Found: C, 5C).4; H, 2.5. t 

EXAMPLE 13 s h _ _ - - - 

50 2.4- Bisf 4=c vanoohenyhf uran ~ }\- " ~ 

[0057] To 1^35 g (IsTmmol) Cu(l)CN is added 30 mLdry DMF (distilled over CAH^, and the suspension is slightly 
heated until a cfear green solution occurs. 1.61 g (4.3 mmdl)2,4-Bis(4-bromophenyl)furan is added, and the mixture is 
heated fexeflux for 48h. The hotsuspension is-poured on- 500 mL water, and the dark green solid is filtered and dried 
55 over CaS0 4 under reduced pressure. The crude product is extracted with acetone in a Soxlette extraction apparatus, 
andthe solvent is removed' in vacuo to give an bff : white crystalline product.^eld: 6.56 g (49%) mp 229-231. The com- 
pound is identical with iv in Example 4. • - - - "' ""'I.' f ' 
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EXAMPLE 14 

2 < 4-Bisr4-ff amidino)pnfihvmfuran (1) 

[0058] A suspension of 0.80 g (1 .8 mmol) imidate ester hydrochloride in 20 mL dry EtOH (distilled from Mg metal) 
was cooled to 0°C in an ice bath, and saturated with dry NH 3 gas. The ice bath was removed, and stirring was contin- 
ued for 72 hours. After add/tion of 20 mL 1N NaOH the white suspension- was stirred for another hour the solid was 
filtered, washed with water and dried over CaS0 4 under reduced pressure. For purification the crude product was 
heated in dry EtOH for 30 minutes, again filtered and dried over CaS0 4 . A suspension of the free base in 20 mL dry 
EtOH was saturated with dry HCI gas at 0*C, and stirring was continued for 2 hours at room temperature. The yellow 
solid was precipitated with dry Et 2 0, filtered and dried. mp>346° dec. yield 0 42 g (96%) ? 

[0059] 1 H-NMR (DMS)<1 6 : D 2 0 1:1) 68.33 (s, 1H), 7.92 (d, 2H, J=8.4 Hz), 7.84-7.78 (rti, 6H), 7.60 (s 1H) 13 C-NMR 
(DMSO-D 6 :D 2 0 1:1) 6 166.36, 166.26, 154.09, 142.91, 137.96, 135.56. 129.75, 129.67, 128 06 12738 127 12 
127.06, 125.08, 107.91. Anal C 18 H 16 N 4 0.2HCLxH 2 0 (C.H.N) 

EXAMPLE 15 

2-.4-Bisr4-I N-n-butvlamidino^Dhenvl)1furan (SS 

[0060J A mixture of Q.64 g(1.5 mmo!) imidate ester hydrochloride (v) and 0.32 mL (3.2 mmol) iWylamine in' 10 mL 
dry EtOH (distilled from Mg metal) was stirred for 2 days at room temperature, 10 mL 1 N NaOH was added to the light 
yellow suspension and stirring was continued for another 1 .5 hours. The mixture was poured into 150 m£ H,6. and the 
off-white precipitation was filtered, washed with H a O and dried over CaS0 4 under vacuum. The crude product is recrys- 
talhzed from EtOH/Et 2 0. The free base was dissolved in 10 mL dry EtOH. and the solution was saturated with HCI gas 
25 at ice bath temperature. Stirring was continued at room temperature for 2 hours, and the light yellow solid was DreciDi- 
tated with dry Et 2 0. filtered, and dried. Yield: 0.36g (50%) rrtp 278°C dec. 

[0061] 1 H-NMR (DMSO-D 6 : D 2 0 1:1) 8 8.47 (s, 1 H). 7.95 (d. 2H. J=8.0 Hz). 7.89 (d. 2 H. J=8.0 Hz) 7 81-7 74 (m 5 
H). 3.23 (t. 4 H). 2.00 (m. 2 H). 0.96 (m 12 H). 13 C-NMR (DMSO-d 6 : D z O 1:1) 5 163.3. 163 2 153 4 142 3 136 7 
134.4. 129.3. 129.2. 128.0. 127.7. 127.5. 126.2. 124.2. *>7.3. 49.9. 27.3, 20.2. Anal. Calcd for C 26 H 32 N 4 0.2Hci 1H,o' 
30 C. 61.5; H. 7.2; N, 11.0. Found: C, 61.8, H, 7.0; N, 10.9. 26 32 ^^uitiau. 

EXAMPLE 16 

2- l 4-Bisf4-fN.N-dimettivlamlnolDron V lamidino^nhftn y lHfuran( fi ) 

[0062] A mixture of 0.71 g (1 .6 mmol) imidate ester hydrochloride (v) and 0.42 mL (3.3 mmoi)~N N-dimethyl-1 £diami- 
nopropan in 20 mL dry EtOH (distilled; over Mg metal) was stirred it room temperature for 4d. The solvent was removed 
under reduced pressure, arid the oily residue was suspended in a mixture of 2b mL 1 N NaOH and 1 ml EtOH After 
stirring for 1 hour the white solid was filtered, washed with water and dried over CaS0 4 /n vacuo. The crude product 
was recrystalhzed from CHCIa/hexane to give a white solid. The free base was suspended in 20 mL dry EtOH and the 
solution was saturated with dry HCI gas at ice bath temperature. Stirring was continued tor 2h, and the solid was pre- 
cipitated with dry Et 2 0. filtered, and dried. Yield: 0'.56"g (56%); mp 298°C ' ' - 
[0063] 1 H-NMR (CDCI3) 5 7.81 (s, 1 H). 7.74 (d. 2H. J=8.4 Hz). 7.65 (t, 4H). 7.56 (d. 2H. J=8.4 Hz) 7 03 (s 1 H) 3 45 
(t. 4H). 2.27 (s. 12H), 1.85 (m. 4H). 1 H-NMR (CDCI 3 ) 8 162.31. 162.24. 152.79. 141.85. 136.17 133 83 128 88 
45 128.71. 127.31. 126.94. 126.83. 125.36. 123.26. 106.87. 53.82. 41.91, 22.31. Anal. Ci^H^iAHCUHzO (C H N)' 
[0064] The foregoing is illustrative of the present invention, and is hot to be construed as limiting thereof. The invention 
is defined by the following claims, with equivalents of the. claims to be included therein. 
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Claims 

1 - A compound having the formula: 
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wherein: 



R 1 and R 2 are each independently H, Ioweralkyl. aryl, alkytiiryi, aminoalkyl, aminoaryl, halogen, oxyalkyl, 

oxyaryl, or oxyarylalkyl; ... ... ■ * • l ; . '*":-*"•„ 'J '■ 'i^u^! 1 

r, and R 4 are each independently H, Ipw^raltyl, oxyalkyl. alkylaryj, aryl, oxyaryl,, aminoalkyl, aminoaryl, or hal- 

X?nd TareMocatoJ in the para or meta positions and are each independently H, ioweralkyl. oxyalkyl. and. f 



>-t n ■ 



NR 5 - ~ 

. .— C , .- : 
' •,• NR 5 ,. 
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wherein: 



-ilv! Vi.i 



e.ach R 5 is independently H, Ioweralkyl, alkpxyalkyl. hydroxyalkyl, aminoalkY!,,alkylaminoalkyl. cycloaiW, aryl, 
• or alk/rlryl of twoB 5 groups together represent C 2 to C 10 alkyl, hydrbxyallc/l, or alkylene; and , 
Re is H,' hydroxy, Ioweralkyl, gjtocyalkyl. hydrc&yalk^l, ammqaltyl, alkylarjiino, a»l^laminoalkyl. v cyglpalkyi 
h ' hydroxybydoalkyl, alkoxycycloa%l. aryl, or alkylaryl; * -v :* . . • ~ 

' ' orapharmaceutira^ - i , ;■ 

2. A cor^urKiiccording to blairti 1 , ! wherein X~ and Y are located in the par£ or metajaositions and are each: v , 



45 



50 



NR 5 

y - 

c 

A, 
NR 5 

i 



and wherein: 

each R 5 is independently H, Ioweralkyl. alkoxyalkyl, hydroxyalkyl. aminoalkyl. alkylaminoalkyl. cycloalkyl, aryl, 
or alkylaryl or two R 5 groups together represent C 2 to C n0 alkyl. hydroxyalkyl, or alkylene; and 
R 6 is H, hydroxy, Ioweralkyl. alkoxyalkyl, hydroxyalkyl, aminoalkyl, alkylamino, alkylaminoalkyl, cycloalkyl, 
hydroxycycloalkyl, alkoxycycloalkyl, aryl, or alkylaryl; 
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= .; or a ,P har| TOcemjcal|y. acceptable, salt, thpreof. .. . . 





3. A compound according to claim 1 , Wherein X and Y are in the para position. " ' " " ' " 
s 4. A compound according to claim 1. 'wherein X and Y are located in the para position arid are eacW 




10 



C 
\ 

NR S 



15 



wherein: 



20 




0) ^ is H, R 2 is H or loweralkyl. R 3 is H R 4 is H, R 5 is H, and R 6 is isoalty; 
00 is H, R 2 is H, R 3 is H, R 4 is H, R 5 is H, and R 6 is C 3 -C 8 alkoxyalkyl; 

hi) R, is H, R 2 is H or loweralkyl, R 3 is H, R 4 i s H, R 5 is H ( and is alkylhydroxy; 

iv) Ri .s H, R 2 is H or loweralkyl, R 3 is H, R 4 is H, R 5 is H, and R 6 is propoxyethyl- 
(v) R 1 is H, R 2 is H or loweralkyl, R* is H. R. is H R. ie w anH ic ' 



25 



and the pharmaceutically acceptable salts thereof. 



5. A compound according to claim 1 , which is- 

30 

2,4-bis(4-guanyiphenyl) furan; 

2,4-bis(4-guanylphenyl)-3,5<Jimethyl furan; 

2,4-di-p[2(3,4,5,6-tetrahydropyrimidyl)phenyI] furan; 

2.4-bis[4-(2-imidazolinyl)phenyl] furan; 
35 2 t 4-bis[4-(4 t 5,6 ( 7-tetrahydro-1 H-1 ,3-diazepin-2-yl)phenyl] fur 

2 t 4-bis(4-N, N-dimethylcarboxhydrazidephenyl) f uranr 

2,4-bis[4-(N-isopropylamidino)phenyl] furan; 

2,4-bis{4-[3-(dimethylaminopropyl)amidino]phenyl} furan; 

2,4-bis-{4-[N-(3-aminopropyl)amidino]phenyl} furan; 
*° 2.4-bis[2-(imidzaolinyl)phenyI]-3,5-bis(methoxymethyl) furan; 

2 ,4-bis[4-N-(dimethylaminoethyl)guanyl]phenyl furan ; 

2.4-bis-{4-[(N-2-hydroxyethyl)guanyl]phenyl} furan; \ . 

2,4-bis-[4-N-(cyclopropylguanyl)phenyl] furan; 

2,4-bis-[4-(N, N-diethylaminopropyl)guanyl]phenyl furan;, 

2,4-bis-{4-[N-(3-pentylguanyl)])phenyl furan; 

2,4-bis[4-(N-isoprppylamidino)phenyl]-5-methyl furan; 

2.4-bis[4-{(amidino)phenyl}]furan; 

2,4-bis[4-{N-(i-propylamidino)phenyl}]furan; 

2,4-bis[4-{N-(cyclopentylamidino)phenyl}]furan; 
o 2 . 4 -bis[4 f 5-dihydro-1H-imida2ol-2-yl)phenyl]furan; 

2,4-bis[4-{N-(i-butylamidino)phenyl}]furan; or 

2,4-bis[4-{N t N-dimethylamino)propylamidino)phenyl}]furan; 

and the pharmaceutically acceptable salts thereof. 
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use in 
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7. Use of a compound or a salt as claimed in any of claims 1 to 6 for the rlnai?Cifedture of a nYedfcameht for use in the 
treatment of Pneumocystis carina pneumonia in a human or animal subject. 

8. Use according to claim 7, wherein said subject is afflicted with Pneumocystis carjnii pneumonia. 

9. Use according to claim 7, wherein said subject is at risk of developing Pneumocystis carinii pneumonia, said treat- 
ment is a prophylactic treatment, and said compound is for administration in a prophylactically effective amount. 

1 0. A method of making a compound of formula (c): v. 
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(c) 



25 wherein X is halogen; comprising*' 

reacting a compound of formula (d): 

30 
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in the presence of a base to form the compound of formula (c). 
11. A method according to claim 10, wherein X is Br or I. ; 



(d) 
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